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Abstract: Although many factors have been identified to explain the nexus between
electricity consumption and economic growth, the empirical evidence is rather mixed. Given
these contradictory conclusions, we try to find out which outcome the meta analysis would
support. To tackle this issue, we meta-analyze the empirical results of 43 studies between
1996 and 2013. We find that the conservation hypothesis is widely associated to American
and European countries. However, conservative policies are likely to have an adverse effect
on the economic growth in Asian and MENA countries. Conversely to expectations, the
growth hypothesis is heavily associated to studied countries and considered modeling
specifications. Additionally, while a neutrality hypothesis is insignificantly associated to
MENA countries, the feedback hypothesis is not supported when appealing a panel of
American economies. Therefore, the inconclusive results may be mainly due to the different
country samples, econometric methodologies and to the fact that energy policies cannot be
designed without considering economic and environmental factors, which are unfortunately
excluded in the majority of studies. Further analysis should focus more on the new approaches
rather than usual methods based on a set of common variables for different countries.
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1. Introduction

After the energy crisis 1971-1980 and the post-energy crisis 1981-2000, the price of
energy hikes up, improving the need to assess whether energy consumption stimulates
economic growth or economic growth spurs energy consumption. As a result, the relationship
between energy consumption and economic growth has undergone extensive investigation.
Given its importance in formulating the energy policies, the nexus between energy
consumption and growth has been and continues to be one of the main subjects of intense
empirical economics research.

Many studies have investigated the direction of causality between electricity and
economic growth (Masih and Masih (1996), Glasure and Lee (1997), Ghali and El-Sakka
(2004), Wolde-Rufael (2005), Chiou-Wei et al. (2008), Acaravci and Ozturk (2010), Niu et al.
(2011), Ozturk and Acaravci (2011), Arouri et al. (2012), Bouoiyour and Selmi (2013),
among others). They have focused on different countries and various econometric
methodologies have been used. The purpose of assessing the nexus between these two
variables is to make policy recommendation for government and other policy makers.
Normally, the results should help them in implementing future electricity policies such as
investigating more in electricity consumption when energy consumption causes economic
development or engaging in electricity conservation when the inverse link is supported.
However, the empirical outcomes have been varied widely and found to be inconsequential.

In the literature we found only two papers, which are Chen et al. (2012) and Menegaki
(2014), that study the meta analysis of energy consumption and growth relationship.
However, there is no a paper that investigates the electricity consumption and growth nexus in
a meta analysis framework. It seems hardly difficult to find firm evidence for the causality
between electricity consumption and economic growth. This paper provides first attempt to
contribute to the above existing literature on the topic especially that of Ozturk (2010) and
Payne (2010) by adding new findings and by carrying out meta analysis techniques developed
by Hunter et al. (1982) for a sample of 43 studies published between 1996 and 2013. This
method can make a substantial contribution to the focal relationship by highlighting more
accurately the main factors behind the inconclusive results.

The remainder of the paper is organized as follows: Section 2 presents the previous
empirical aspects on the nexus between electricity consumption and economic growth.
Section 3 describes data and methodological framework. Section 4 discusses main empirical

results. Section 5 concludes.



2. Literature Survey

Since the seminal work of Kraft and Kraft (1978), there has been a growing interest in
the literature that has undertaken internationally the nexus between energy consumption and
economic development in American countries (Soytas and Sari (2003), Ghali and El-Sakka
(2004), Lee (2006), Narayan and Parasad (2008)), Asian countries (Masih and Masih (1996),
Asafu-Adjaye (2000), Tang (2008) and Ghosh (2009)), low and middle income countries
(Ozturk et al. (2010)), European countries (Belke et al . (2011), Niu et al. (2011) and Dobnick
(2011)) and MENA countries (Al-Mulali (2011), Arouri et al. (2012) and Bouoiyour and
Selmi (2013)). However, no consistent results have been up to now found. This issue has been
assessed and the results have varied widely.

Several researches on this field have focused on various econometric methods. Some
works have used the traditional VAR or simple log-linear models without any regard for the
nature of the time series properties of the concerned variables (Erol and Yu (1987), Yu and
Choi (1985) and Abosedra and Baghestani (1989)). However, in more recent works, authors
have tried to investigate whether there is a short-run or long-run dynamic relation between
energy consumption and economic growth using co-integration and Granger causality tests
such as Sim’s technique, Hsiao’s technique or Toda-Yamamoto test (Kraft and Kraft (1978),
Lee (2006) and Soytas and Sari (2003), respectively.

Kraft and Kraft (1978) show a unidirectional causality running from economic growth
to energy consumption only in the case of the United States over the period 1947-1974 by
carrying out Sims (1972) methodology. There has been a proliferation of some works using
different techniques and time periods since then. For example, Soytas and Sari (2003) provide
evidence in favor of neutrality hypothesis for USA in the period from 1950-1992 and using
cointegration and Toda-Yamamoto causality test. Accordingly, Lee (2006) employ Hsiao’s
technique for the period from 1960 to 2001, leading to support feedback hypothesis More
recently, Apergis and Payne (2010) examine the nexus between electricity consumption and
economic growth in a multivariate framework by including measures of real gross fixed
capital formation and labor force. They argue that there are both short-run and long-run
causality from energy consumption to economic growth in a panel of nine South American
countries, supporting therefore the growth hypothesis.

In addition, the direction of causality between energy consumption and economic
growth appears also inconsistent for Asian countries. For example, Masih and Masih (1997)
found an unidirectional causality in Korea that runs from energy consumption to economic

growth, This implies that conserving energy could reduce economic growth in this country
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over the period 1955-1991. For the same country, Glasure and Lee (1997) show no causality
in either direction called neutrality hypothesis, which means that conservative policy in
relation to energy consumption has no adverse effect on economic growth in Korea for the
period from 1961 to 1990.

Furthermore, the previous studies pertaining the focal linkage on MENA countries
have shown inconclusive outcomes. A large stream of works assessed the relationship
between energy consumption and economic growth in a bivariate framework, except
Mahadevan and Asafu-Adjaye (2007) and Arouri et al. (2012). For instance, Ozturk and
Acaravci (2011) investigate the relationship between energy consumption and growth rate in
selected MENA countries using cointegration analysis developed by Pesaran and Shin (1999),
and Granger causality test. The results show that there is no cointegration and causal link
between the electricity consumption and the economic growth in Iran, Morocco and Syria.
However, the cointegration and causal relationship is found for the rest of selected countries,
i.e. Egypt, Israel, Oman and Saudi Arabia. Intuitively, they argue that the energy conservation
policy of MENA countries can have a no powerful impact on economic growth. Inversely,
Bouoiyour and Selmi (2013), using causality tests proposed by Predoni (2004), support a
conservation hypothesis in Morocco and Oman and growth hypothesis in Syrian case.

Depending to country-to-country variation, as you seen in the Table 1 which was
formed based on both country-specific and multi-countries, the observed directions of
causality are different from each others. These dissimilar findings might be owing to different
countries’ characteristics such as political arrangements, the quality of institutions and the
different adopted energy policies (Chen et al. (2007) and Ozturk (2010)). Besides, studies
based on different countries, different econometric methodologies and different development
stages also yielded mixed results (Yuan et al . (2008) and Halkos and Tzermes (2009)). These
different outcomes have been synthesized into four testable hypotheses within the literaturel.
Firstly, the conservation hypothesis is based on a unidirectional causal relationship running
from growth to energy consumption, showing that lower energy consumption may have little
effect on economic development. Secondly, the growth hypothesis suggests that energy
consumption is a crucial component in economic growth. This means that while energy is a

limiting factor to growth, a policy to increase investment in industrial sectors, particularly

' The denotations of neutrality hypothesis and the bidirectional link or the feedback hypothesis have been widely
used by the previous studies on the energy consumption-economic growth nexus. However, the denotations of
the other directions of causality (i.e. growth hypothesis and conservation hypothesis) were proposed by Apergis
and Payne (2009).



electrification is likely to stimulate the economic development. Thirdly, the feedback
hypothesis or the bidirectional causality emphasizes an interdependent relationship between
electricity consumption and economic development. Fourthly, the neutrality hypothesis means
that energy consumption is not correlated with GDP and suggests that neither conservative

nor expansive energy policies have any effects on economic growth.
Insert Table 1 here

3. Meta Analysis Methodology
3.1. Meta analysis technique
Since the findings in several issues were inconclusive, meta-analysis is a helpful tool in
reconciling and clarifying the inconsistencies (Stanley, 2005). The present study follows the
same procedure used by Hunter et al. (1982) while trying to elucidate the understanding of
policymaking about electricity consumption-economic growth nexus. This technique requires
the use of the effect size to determine the magnitude of the association between the dependent
and the independent variables. The effect size for pair of variables from each work is
measured by the coefficient of correlation. Based on this technique, we should follow five

main steps.

First, we compute the mean correlation (7) which is represented by:

;_Z(Nin)
S

where V, : the sample size for study ¢ and r; the Pearson correlation coefficient for study i

(1)

Second, we determine the unbiased estimate of the population variance S ; expressed as
follows:

Sr=8-582 2)
where S : The observed variance equal to Z [N (r,—7)? ]/ Z N,
S : The estimate of sampling error variance equal to [(1 —7?)? k]/ Z N,

Third, we determine the 95 percent confidence interval. As our sample size is larger than

30, the z-statistics are determined as follows:
[F-0.9755,,7+0.9755 , |=|F ~1.965 ,,7+1.96.5, | 3)

Fourth, we test the statistical validity of the considered model using this statistic:
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Statistically, if we obtain a high value of ¥ ,f_l , 1.e. there is a need to perform tests using

subgroups meta-analysis within the four hypotheses mainly supported across the several
studies on the concerned issue (i.e. growth hypothesis, conservation hypothesis, feedback
hypothesis, neutrality hypothesis). In the present study, we can provide new evidence on the
focal linkage by extracting our meta data set into 12 subgroups depending to the above
hypotheses: studies focused on American countries (AMC), on Asian countries (ASC), on
European countries (EUC), on MENA countries (MENAC), works assessing short run
dynamic between the key variables (SR) or long-run dynamic (LR) or jointly (JR), studies
examining panel data (Panel) or time series (75), using cointegration method (CO) or Granger
causality test (GC) or jointly (JM). The subgroup meta-analysis can help researchers reduce
heterogeneity and identify accurately the main causes behind the inconclusive outcomes
(Souissi and Khlif, 2012). Appendices display in detail this decomposition.

Finally, with respect to the empirical studies that do not report Pearson’s coefficient but

includes t-statistics, we mention in the following the conversion into r statistics:

s i
ry,x = > = 5
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The literature on meta-analysis framework provides no clear-cut evidence of meta-

regression in the absence of clear information about the signs of t-statistic and Pearson’s
coefficient. To resolve this problem, we apply an approach based on dummy variable

following the Bernoulli rule:
P(D=d)=p*(1-p)™;d e{01}0< p =<1
and P(D =d)=0 otherwise, considering the following hypothesis:
Hp: p=0.9 against H;: p<0.9 (6)
where d is equal to 1 if t-statistic, Pearson’s coefficient and r,, are correlated with the same

sign and O if not; the p is the proportion of cases in which either the t-statistic or Pearson’s

coefficient is associated with the same sign as r,,,.

3.2. Database
The database for the analysis has been constructed based on several published

empirical papers on the nexus between electricity consumption and economic growth. They
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have been collected by searching the EconLit database and through the literature review of the
different papers in this field. Out of the 43 papers from 1996 to 2013 will be used in our
meta-analysis to suggest new lines of enquiry on the relationship in question (i.e. 09 studies
supporting growth hypothesis, 09 studies supporting conservation hypothesis, 10 studies
supporting neutrality hypothesis and 15 supporting the feedback hypothesis). As is the norm
in meta-analysis, we excluded all non-empirical researches on this issue such as Ozturk
(2010) and Payne (2010). Hence, the present study includes only the works that have measure
of electricity consumption as the dependent variable and measure of economic development

. . 2
as our variable of interest”.

3.3. Testing and controlling for publication bias

Publication bias occurs when the considered meta data set have similar results (i.e.
negative, positive, significant, insignificant or ambiguous). The publication bias may induce
inconsequential findings and false conclusions. Researchers in economics have an incentive to
conform. More precisely, when each study suggests a positive or ambiguous relationship
between two variables and the majority of works on the same field show a negative and
significant link, the study is unlikely to be accepted for publication (Pugh et al. 2012, p. 283).
As a result, researchers may not submit unconventional or weakly findings and the empirical
literature on the concerned issue may be affected by publication bias. Hence, it seems highly
crucial to assess the publication bias before starting our estimates. Funnel plot is usually used
to detect bias selection (Jarell and Stanley (1990), Doucouliagos (2005), Stanley (2005) and
Coric and Pugh (2010)). In the absence of publication bias, the considered works will be
distributed symmetrically about the combined effect size. By contrast, in the presence of bias,
we would show a higher concentration of studies on one side of the mean than on the other.
For our case, it is well depicted from Figure 1 below mentioned that the asymmetrical plot is
unobserved neither for the growth hypothesis, nor conservation hypothesis, nor the feedback
hypothesis, nor the neutrality hypothesis. This means that the published papers on the focal

link differ within the concerned hypotheses.

Insert Figure 1 here

* The study by Wolde-Rufael (2004), for example, was excluded from our meta data set (see Appendices) given
that Shanghai is not a country.



In addition, Begg and Mazumdar rank correlation test is added as a technique for
publication bias and as a formal procedure to complement the funnel graph (Borenstein,
2005). This test reports the Kendall’s tau or the rank correlation between the standardized
effect size and the standard errors of these effects (Begg, 1994). A value of zero indicates no
relationship between effect size and precision and a deviation from zero implies the presence
of a relationship (Begg and Berlin (1988) and Begg and Mazumdar (1994)). Our results
summarized in Table 2 reveal the Kendall’s tau either with or without continuity correction
deviates widely from zero for all the hypotheses under consideration, which imply that there
is a significant association between the effect size and precision. This tau appear insignificant
at almost all cases, this does not mean necessary the absence of bias. Accordingly, Sterne et

al. (2001) argue that a non-significant tau should not be taken as proof that bias is absent.

Insert Table 2 here

4. Main findings

4.1. Conservation hypothesis

The total meta-analysis based on 09 studies that support conservation hypothesis
(Table A.1, Appendix) indicates that these works are influenced intensely by the nature of
countries, i.e. the results change depending to country-to-country variation. Contrary to
expectations, we note from Table 3 that there is no significant association between
conservation hypothesis and Asian and MENA countries with low mean correlations (7).
However, it is worthy observable the strong association between American and European
countries and the nexus that runs from electricity consumption to real GDP with correlations
equal to 7 =0.533 and r =0.544 . This implies that high electricity consumption in AMC and
EUC tends to have high economic growth, but not the reverse. Not surprisingly, Chiou-Wei et
al. (2008) suggest that electricity consumption played an important role in economic growth
in AMC. The same evidence has been provided by Niu et al. (2011) in the European case.
Therefore, policies to manage the supply of electricity are required to ensure that the
electricity is sufficient to support American and European economic growth. However, energy
conservation policies, such as rationing electricity consumption are likely to have an adverse
effect on economic development in Asia and MENA countries. Arguably, Ghosh (2009) and
Bouoiyour and Selmi (2013) show that the energy growth policies regarding electricity
consumption should be adapted in such a way that the development of the energy sector

stimulates economic growth in these economies.
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Insert Table 3 here

4.2.  Growth hypothesis

The meta-analysis outcomes on 09 researches supporting the growth hypothesis (Table
A.2, Appendix) reveal that almost all the considered features are associated to the
unidirectional relationship that runs from economic growth to electricity consumption. We
depict from Table 4 that the meta findings do not move depending to the group-by-group
variation with a great average mean correlation of 7 =0.556. This means that that a
decrease in economic growth can lead to an absence of sufficient choice providing access to
modern, adequate and efficient energy services able to mitigate economic development-
damaging (Wolde-Rufael, 2006). This result confirms that that ASC, EUC and MENAC are
energy dependent, in which energy conservation policies may be implemented with adverse
effects on real GDP. This explains also the quick increase in electrification in the different
sectors in these economies, i.e. new instruments have been installed to make more efficient
and industrial plans to enhance then the economic development in these countries (Narayan
and Prasad (2008), Niu et al. (2011), among others). For MENA countries, Bouoiyour and
Selmi (2013) suggest, especially for energy exporters, to combine rapid urbanization with

growth to accelerate electricity usage.

Insert Table 4 here

4.3. Neutrality hypothesis

The evidence from the meta-analysis on 10 works supporting the neutrality hypothesis
(Table 3, Appendix) suggest that this latter is significantly associated to AMC, ASC and EUC,
with mean correlations relatively amount to r=0.739,r=0.448, r =0.799 (Table 5).
Neither conservative nor expansive policies in relation to electricity consumption have any
effect on economic growth in the above countries. These results support the view of Payne
(2010) that electricity conservation policies such as demand management policies that
essentially flattens the demand curve for electricity is reduced relative to the average load.
Such action would yields greater reliability of the electrical system but will have no
significant effect on economic growth. Additionally, in ASC, the lack of causality in both
directions implies that measures to save electricity usage can be taken without compromising

economic growth because they have not yet reached a high level of electricity autonomy



which allows them to reduce their energy use (Chiou-Wei et al. (2008) and Ghosh (2009)).
However, when studying the nexus in MENAC, the association becomes no significant with

r =0.074 and confidence interval [-0.33305;0.48244]. This finding may be due to the

rapid transition of these countries towards a digital economy that may profoundly affect
energy usage. Households of MENAC switch to modern energy services yielding to high
electricity consumption that stimulate their GDP (Arouri et al. 2012). The results change
substantively when moving from short-run to long-run analysis, i.e. while there is a stronger
correlation between LR and the nexus between key variables with 7 = 0.870; there is no

association between SR and the neutrality hypothesis with ¥ =(0.024 .

Insert Table 5 here

4.4. Feedback hypothesis

The 15 studies used in our meta data set supporting feedback hypothesis (Table 4,
Appendix) vary depending to country coverage and the modeling choice. It is worthy notable
from Table 6 that ASC, EUC and MENAC are heavily associated to the bidirectional link
between energy consumption and economic growth with mean correlations relatively high
r =0.4858, r =0.2560and r =0.3318. Hence, policy makers in these countries should
take into account this bidirectional nexus by implementing regulations to reduce energy
usage. Arguably, Niu et al. (2011) show that modern energy can be a prerequisite for
economic and technological progress as it completes the production process. Simultaneously,
to make electricity accessible to overall economic sectors can improve the quality of
population’s lives and achieve economic growth (Arouri et al. 2012). At the same context,
Belke et al. (2010) and Bouoiyour and Selmi (2013) suggest that economic growth should be
decoupled from electricity consumption to avoid possible detrimental effects on economic
performance. However, when our examination is performed with respect to AMC, the mean
correlation becomes low r =0.047, implying that the feedback hypothesis is hardly
supported in American countries. These results are not consistent with the previous evidences
from Ghali and El-Sakka (2004) and Lee (2006), who suggest that a bidirectional nexus
between electricity consumption and economic growth is supported for a panel of American
countries. This inconsistency may be owing to the role that plays policy makers in each

country and their ability or not to reduce the energy use (Belke et al. 2010).

Insert Table 6 here
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5. Conclusion

This meta-analysis has improved our understanding on the nexus between electricity
consumption and economic growth. The present study integrates different outcomes of several
studies on this field with respect to the association between the four supported hypotheses
across studies and the country coverage, the nature of analysis and the modeling choice. To
tackle this issue, we apply meta-analysis techniques to a sample of 43 studies published
between 1996 and 2013.

We find that the relationship is more complex than it appears. Out of the 43 papers
from 1996 to 2013 used in our meta-analysis suggest new lines of enquiry on the relationship
in question (i.e. 9 studies supporting growth hypothesis, 9 studies supporting conservation
hypothesis, 10 studies supporting neutrality hypothesis and 15 supporting the feedback
hypothesis).

The conservation hypothesis is widely associated to American and European
countries. However, conservative and expansive policies are likely to have an adverse effect
on the economic growth in Asian and MENA countries. Conversely to expectations, the
growth hypothesis is heavily associated to all studied countries and all considered
econometric methods. Additionally, there is a significant association between neutrality
hypothesis and American, Asian and European countries. These observed results change when
moving from short-run to long-run analysis, i.e. while there is a stronger correlation between
long-run analysis and the focal relationship, there is no association with short-run assessment.
The feedback hypothesis is not supported when appealing a panel of American countries or
when investigating the short-run dynamic between electricity consumption and GDP.

The diverse findings may be mainly attributed to the nature of concerned countries and
to the modeling choice and to the fact that energy policies in each country cannot be designed
without considering various economic and environmental factors excluded in the majority of
studies on the issue. In addition, the different results may be due to the use of bivariate models
with missing variables, such as energy prices, rather than employing multivariate models in
the previous studies. Thus, the authors should focus more on the new approaches including
additional variables and further studies with new findings can be conducted to find better

ways.
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Table 1. Some selected studies on the energy consumption- growth nexus

Authors Period Countries Causality direction Hypothesis
American countries

Soytas and Sari | 1950-1992 | Canada Energy <> Growth Neutrality hypothesis

(2003) USA Energy <> Growth Neutrality hypothesis

Ghali and EI- | 1961-1997 | Canada Energy < Growth Feeback hypothesis

Sakka (2004)

Lee (2006) 1960-2001 | Canada Energy — Growth Conservation hypothesis
USA Energy <> Growth Feeback hypothesis

Chiou-Wei et al. | 1954-2006 | USA Energy <> Growth Neutrality hypothesis

(2008)

Narayan and 1971-2002 | Canada Energy <> Growth Neutrality hypothesis

Parasad (2008) Mexico Energy <> Growth Neutrality hypothesis
USA Energy <> Growth Neutrality hypothesis

Asian countries

Masih and Masih | 1952-1992 | Korea Energy — Growth Conservation hypothesis

(1996) Taiwan Energy < Growth Feeback hypothesis

Glasure and Lee | 1961-1990 | Korea Energy <> Growth Neutrality hypothesis

(1997) Singapore Energy — Growth Conservation hypothesis

Lee and Chang | 1954-2003 | Taiwan Energy — Growth Conservation hypothesis

(2005)

Tang (2008) 1972-2003 | Malaysia Energy — Growth Conservation hypothesis

Ghosh (2009) 1950-1997 | India Growth — Energy Growth hypothesis

Niu et al. (2011) | 1971-2005 | Developed Energy — Growth Conservation hypothesis
Developing Growth — Energy Growth hypothesis

European countries

Narayan and 1960-2002 | Belgium Energy <> Growth Neutrality hypothesis

Parasad (2008) Netherlands Growth — Energy Growth hypothesis
France Energy <> Growth Neutrality hypothesis
Italy Energy <> Growth Neutrality hypothesis
Greece Energy — Growth Conservation hypothesis
Spain Energy <> Growth Neutrality hypothesis
Poland Energy <> Growth Neutrality hypothesis
Norway Energy <> Growth Neutrality hypothesis
Sweden Energy <> Growth Neutrality hypothesis
United Kingdom | Energy <> Growth Neutrality hypothesis

Belke et al | 1981-2007 | OECD Energy <> Growth Feedback hypothesis

(2011) countries

Dobnick (2011) 1971-2009 | OECD Energy <> Growth Feedback hypothesis
countries

MENA countries
Al-Iriani (2006) ‘ 1971-2002 | GCC countries Growth — Energy | Growth hypothesis
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Mahadevan,and 1971-2002 | Energy exporters Energy < Growth | Feedback hypothesis

Asafu-Adjaye Energy importers Energy < Growth | Feedback hypothesis

(2007)

Ozturk et al. | 1971-2005 | Upper and lower | Energy <> Growth | Feedback hypothesis

(2010) income countries

Al-Mulali (2011) | 1980-2009 | MENA countries Energy < Growth | Feedback hypothesis

Arouri et al. | 1981-2005 | MENA countries Energy — Growth | Conservation hypothesis

(2012)

Bouoiyour  and | 1975-2010 | Energy exporters Growth < Energy | Neutrality hypothesis

Selmi (2013) Algeria Growth < Energy | Feedback hypothesis
Egypt Growth < Energy | Feedback hypothesis
Iran Growth < Energy | Neutrality hypothesis
Oman Growth —Energy | Conservation hypothesis
Saudi Arabia Growth < Energy | Feedback hypothesis
Syria Energy — Growth | Growth hypothesis
UAE Growth < Energy | Feedback hypothesis
Energy importers Energy — Growth | Growth hypothesis
Jordan Energy — Growth | Growth hypothesis
Morocco Growth —Energy | Conservation hypothesis
Sudan Growth <> Energy | Neutrality hypothesis
Tunisia Growth < Energy | Feedback hypothesis
Turkey Growth —Energy | Conservation hypothesis

Notes: Authors’compilation.
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Figure 1. Funnel plots of considered studies
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Table 2. Begg and Mazumdar rank correlation test

Conservation Growth Neutrality Feedback
hypothesis hypothesis hypothesis hypothesis
Kendall’s tau without continuity correction
tau -0.16667 -0.38889 0.05556 0.13337
z-value for tau 0.62554 1.45960 0.20851 0.84290
p-value (1-tailed) 0.26581 0.07220 0.41741 0.06052
p-value (2-tailed) 0.53161 0.14440 0.83483 0.12104
Kendall’s tau with continuity correction
tau -0.13889 -0.36111 0.02778 0.11662
z-value for tau 0.52129 1.35534 0.10426 0.65172
p-value (1-tailed) 0.30108 0.08765 0.45848 0.08934
p-value (2-tailed) 0.60217 0.17531 0.91697 0.17869
Table 3. Conservation hypothesis
7 S; . S, 95%CI Xis
AMC 0.53300 | 0.00000 | 0.13001 [0.13001 | [0.18152;0.88449] 0.00000
ASC 0.02609 | 0.23038 | 0.65963 |0.42925| [-0.61279 ; 0.66479] 0.39702%*
EUC 0.54425 | 0.00025 | 0.10210 [0.10185| [0.23284;0.85512] 0.00489
MENAC 0.14940 | 0.10045 | 0.21433 [0.10998 | [-0.17391 ; 0.47271] 0.93734%*
Panel 0.55891 | 0.00091 | 0.09824 |0.09733| [0.25473;0.86307] 0.01852
TS 0.48736 | 0.03451 | 0.12642 [0.09191 | [0.19157 ; 0.78288] 0.81893*
SR+GC - - - - - -
LR+CO 0.80200 | 0.00000 | 0.02578 |0.02578 | [0.64545 ;0.82713] 0.00000
JA+IM 0.39671 | 0.00952 | 0.02873 |0.02874| [0.23122;0.56077] 0.74569%*

Notes: * significant at 5%.
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Table 4. Growth hypothesis

F S; S: S, 95%CI xis

AMC - - - - - -

ASC 0.63700 | 0.00046 | 0.00701 | 0.00655 | [0.63061 ;0.64338] 0.26248*
EUC 0.51215 | 0.00050 | 0.12702 | 0.12652 | [0.16535 ; 0.85894] 0.00393
MENAC 0.54948 | 0.00016 | 0.09504 | 0.09488 | [0.24916 ; 0.84979] 0.00336
Panel 0.05467 | 0.00023 | 0.12426 | 0.35217 | [0.16130 ; 0.99672] 0.00370
TS 0.53257 | 0.00034 | 0.11586 | 0.11553 | [0.20117 ; 0.86396] 0.02054*
SR+GC 0.51744 | 0.00039 | 0.11650 | 0.11611 | [0.18478 ;0.84922] 0.00672
LR+CO 0.74612 | 0.02816 | 0.03647 | 0.00831 | [0.65723 ; 0.83500] 0.54428*
JA+IM 0.41325 | 0.00010 | 0.17224 | 0.17214 | [0.00837 ; 0.81762] 0.00290

Notes: * significant at 5%.
Table S. Neutrality hypothesis
F S} S, S, 95%CI Zia

AMC 0.73984 | 0.00083 | 0.02786 | 0.02737 | [0.57269 ;0.90113] 0.08937*
ASC 0.44881 | 0.00014 | 0.08568 | 0.08555 | [0.16364 ;0.73398] 0.00817
EUC 0.79922 | 0.00022 | 0.01518 | 0.01496 | [0.67974 ;0.91847] 0.02898
MENAC 0.0745 | 0.45916 | 0.28409 | 0.17506 | [-0.33305;0.48244] 0.88124*
Panel 0.49795 | 0.00095 | 0.12470 | 0.12375 | [0.15477 ;0.84017] 0.01523
TS 0.11280 | 0.23574 | 0.19566 | 0.04008 | [-0.08214 ;0.30780] 0.40969*
SR+GC 0.02451 | 0.02759 | 0.19006 | 0.16241 | [-0.36892 ;0.41743] 0.43549*
LR+CO 0.87000 | 0.00000 | 0.00646 | 0.00646 | [0.79170 ; 0.94829] 0.00000
JA+IM 0.17362 | 0.16894 | 0.09757 | 0.07137 | [-0.08685 ; 0.43409] 0.69258*

Notes: * significant at 5%.
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Table 6. Feedback hypothesis

7 S} S: S, 95%CI Zi
AMC 0.04791 | 0.11456 | 0.13000 | 0.01553 | [:0.07358 ;: 0.16940] |  0.88062
ASC 0.4858 | 0.00029 | 0.08610 | 0.08581 | [0.20022:0.77137] | 0.01684
EUC 0.2560 | 0.00043 | 0.06985 | 0.06937 | [-0.00795:0.51272]|  0.03080
MENAC | 03318 | 0.00012 | 0.10244 | 0.10232 | [0.02077 : 0.64367] | 0.00585
Panel | 0.08572 | 0.11293 | 0.82560 | 0.71267 | [-0.73738 :0.00879] | 0.82071%
7s 0.51633 | 0.00017 | 0.09251 | 0.09230 | [0.22012 : 0.81254] | 0.01837
SR=GC | 0.01013 | 0.09526 | 0.11381 | 0.01855 | [-0.12265:0.14292] | 0.83701%
LR+CO | 0.19258 | 0.00411 | 0.09827 | 0.09416 | [-0.10659; 0.49176] |  0.12547+
JA+JM | 056192 | 0.00010 | 0.04718 | 0.04708 | [0.35036:0.77347] | 0.01483

Notes: * significant at 5%.

22




Appendices (the meta data set)

Table A.1. Conservation hypothesis

Studies Countries Data Analysis Methods
AMC | ASC | EUC | MENAC | Panel | TS SR | LR | JA | CO | GC | IM

Masih and Masih (1996) 0 1 0 0 0 I1(1)| O 1 0 1 0 0
Masih and Masih (1997) 0 1 0 0 0 12| O 1 0 1 0 0
Glasure and Lee (1997) 0 1 0 0 0 13| O 0 1 0 0 1
Chiou-Wei et al. (2008) 1 1 0 0 0 14| O 1 0 0 1 0
Narayan and Parasad (2008) 0 0 1 0 0 15)] 0 0 1 0 0 1
Tang (2008) 0 1 0 1 0 1 0 0 1 0 0 1
Niu et al. (2011) 0 0 1 0 1 0 0 0 1 0 0 1
Arouri et al. (2012) 0 0 0 1 1 0 0 0 1 0 0 1
Bouoiyour and Selmi (2013) 0 0 0 1 0 1(6) 0 0 1 0 0 1

Notes : AMC : American countries ; ASC : Asian countries ; EUC : European countries ; MENAC : MENA countries ; TS :

Time series; SR : Short-run analysis ; LR : Long-run analysis ; JA : Joint analysis (i.e. SR and LR) ; CO : Cointegration ; GC :

Granger causality ; JM : Joint methods (i.e. CO and GC); (1) : Hong Kong, Malaysia, Indonesia ; (5) : Greece ; (6) :

Morocco, Oman and Turkey.

Table A.2. Growth hypothesis
Studies Countries Data Analysis Methods
AMC | ASC | EUC | MENAC | Panel | TS SR | LR | JA | CO | GC | IM

Masih and Masih (1996) 0 1 0 0 0 1(1) 0 1 0 1 0 0
Wolde-Rufael (2005) 0 0 0 1 0 1 1 0 0 0 1 0
Al-Iriani (2006) 0 0 0 1 1 0 1 0 0 0 1 0
Zamani (2007) 0 0 0 1 0 1 0 0 1 0 0 1
Ang (2008) 0 1 0 0 0 1 0 1 0 1 0 0
Narayan and Prasad (2008) 0 0 1 0 0 1) 0 0 1 0 0 1
Ghosh (2009) 0 1 0 0 0 1 0 0 1 0 0 1
Niu et al. (2011) 0 1 0 0 1(3) 0 0 0 1 0 0 1
Bouoiyour and Selmi (2013) 0 0 0 1 0 14) 0 0 1 0 0 1

Notes : AMC : American countries ; ASC : Asian countries ; EUC : European countries ; MENAC : MENA countries ; TS :
Time series; SR : Short-run analysis ; LR : Long-run analysis ; JA : Joint analysis (i.e. SR and LR) ; CO : Cointegration ; GC :
Granger causality ; JM : Joint methods (i.e. CO and GC) ; (1) : Indonesia; (2) : Netherlands ; (3) : Developing countries ; (4) :

Algeria, Egypt, Saudi Arabia, Tunisia, UAE.
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Table A.3. Neutrality hypothesis

Studies Countries Data Analysis Methods
AMC | ASC | EUC | MENAC | Panel | TS SR | LR | JA | CO | GC | IM

Masih and Masih (1996) 0 1 0 0 0 1(1) 0 1 0 1 0 0
Glasure and Lee (1997) 0 1 0 0 0 12| O 0 1 0 0 1
Soytas and Sari (2003) 1 1 1 0 0 1 0 0 1 0 0 1
Altinay and Karagol (2005) 0 0 0 1 0 1 1 0 0 0 1 0
Jobert and Karanfil (2007) 0 0 0 1 0 1 1 0 0 0 1 0
Chiou-Wei et al. (2008) 1 1 0 0 0 13 0 1 0 0 1 0
Karanfil (2008) 0 0 0 1 0 1 1 0 0 0 1 0
Lee and Chang (2005) 0 1 0 0 1 0 1 0 0 1 0 0
Narayan and Parasad (2008) 1 0 1 0 0 14 ] O 0 1 0 0 1
Bouoiyour and Selmi (2013) 0 0 0 1 15 | 1(6) 0 0 1 0 0 1

Notes : AMC : American countries ; ASC : Asian countries ; EUC : European countries ; MENAC : MENA countries ; TS :

Time series; SR : Short-run analysis ; LR : Long-run analysis ; JA : Joint analysis (i.e. SR and LR) ; CO : Cointegration ; GC :

Granger causality ; JM : Joint methods (i.e. CO and GC) ; (1) : Malysia, Philippines and Singapore ; (2) : South Korea ; (3) :

USA, Thailand and South Korea ; (4) : Canada, Mexico and USA ; (5) : Energy exporters ; (6) : Iran and Sudan.

Table A.4. Feedback hypothesis
Studies Countries Data Analysis Methods
AMC | ASC | EUC | MENAC | Panel | TS | SR | LR | JA | CO | GC | IM

Masih and Masih (1997) 0 1 0 0 0 1 0 1 0 1 0 0
Asafu-Adjaye (2000) 0 1 0 0 0 1 1 0 0 0 1 0
Glasure (2002) 0 1 0 0 0 1 0 0 1 1 0 0
Hondrioyiannis et al. (2002) 0 0 1 0 0 1 0 1 0 1 0 0
Ghali and El-Sakka (2004) 1 0 0 0 0 1 0 0 1 0 0 1
Paul and Bhattacharya (2004) 0 1 0 0 0 1 0 0 1 0 0 1
Lee (2006) 1 0 1 0 0 1 1 0 0 0 1 0
Mohadevan and Asafu (2007) 0 0 0 1 1 0 0 0 1 0 0 1
Lee et al. (2008) 0 0 1 0 1 0 0 1 0 1 0 0
Erdal et al. (2008) 0 0 0 1 0 1 0 0 1 0 0 1
Al-Mulali (2011) 0 0 0 1 1 0 0 1 0 0 0 1
Belke et al. (2011) 0 0 1 0 1 0 0 0 1 0 0 1
Dobnick (2011) 0 0 1 0 1 0 0 0 1 0 0 1
Ozturk and Acaravci (2011) 0 1 0 1 1 0 0 0 1 0 0 1
Bouoiyour and Selmi (2013) 0 0 0 1 0 (| o 0 1 0 0 1

Notes : AMC : American countries ; ASC: Asian countries ; EUC : European countries ; MENAC : MENA countries ;
TS : Time series; SR : Short-run analysis ; LR : Long-run analysis ; JA : Joint analysis (i.e. SR and LR) ; CO : Cointegration ;
GC : Granger causality ; JM : Joint methods (i.e. CO and GC) ; (1) : Algeria, Egypt, Saudi Arabia, Tunisia and UAE.
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